The g factors and quadrupole moments of the 21/2 − and 33/2 + isomers in 193 
I. INTRODUCTION
A large number of experimental and theoretical works has been devoted to the study of the neutron-deficient lead nuclei, as their structure exhibits a variety of interesting phenomena. Rather complex level schemes, involving in many cases isomeric states, have been established via in-beam and decay studies [1] [2] [3] [4] . The spherical structures observed in these nuclei are associated to the proton shell closure at Z=82, and have been interpreted in various phenomenological and microscopical approaches involving neutron quasiparticle excitations [5] [6] [7] [8] . These spherical neutron states are coexisting at low energies with more deformed states, associated to proton intruder particle-hole excitations across the closed shell [9] . In the even-mass isotopes, oblate deformed excitations of two-proton -two-hole structure occur as low-lying I π =0 + 2 states as well as I π =8 + and I π =11 − high-K isomers [2] .
In the odd-mass nuclei low-lying proton-based intruder states involving the coupling of the 1i 13/2 or 3p 3/2 odd quasineutron to the I π =0 + 2 oblate state have been identified [3] . At highspin many sequences of magnetic dipole transitions with a rotational-like pattern have been found in the lead isotopes with A=191-202 [10, 11] . These structures, known as magneticrotational bands [12] , were interpreted as arising from the coupling of high-K two proton excitations into the 1h 9/2 and 1i 13/2 orbitals with neutron-hole excitations in the 1i 13/2 orbital. The description of these dipole bands has been extensively performed using the tilted axis cranking (TAC) model [13] .
The knowledge of the static magnetic dipole and electric quadrupole moments is very important for elucidating the structure of coexisting states, as they are providing independent information on the underlying configurations and shapes, respectively. In the light lead nuclei with A ≤ 200, g factors were measured for many low-and high-spin isomeric states [1] allowing configuration assignments. On the other hand the information on spectroscopic quadrupole moments in these nuclei is more limited. Such moments were reported for the 13 [18, 19] , indicating a larger deformation associated with the intruder excitation. Up to now, no spectroscopic quadrupole moment was reported for states involving more than two quasiparticles in light lead nuclei.
Recently, an experimental study was undertaken at the XTU Tandem of the Laboratori Nazionali di Legnaro (LNL) in order to determine the static electromagnetic moments for the high-spin short-lived isomeric states in 193 Pb. One objective of the study was to bring more insight into the underlying structure of the 9.4 ns 29/2 − isomeric state, bandhead of a magnetic-rotational band [20] [21] [22] . The results concerning the moments of this state are reported elsewhere [23, 24] . The present paper is devoted to the investigation of the electromagnetic moments for two other short-lived isomers with spin-parities 21/2 − and 33/2 + , known in 193 Pb [20] . The experimental details are presented in Sect. II. The experimental results are reported in Sect. III and discussed in the framework of the number-projected BCS and the pairing plus quadrupole approaches in Sect. IV. Conclusions are given in Sect. V.
A part of the experimental data has been briefly reported in Ref. [25] . 
II. EXPERIMENTAL DETAILS

III. DATA ANALYSIS AND RESULTS
In the off-line analysis of list-mode data, two-dimensional matrices of energy versus time were formed for each detector. From these matrices time-gated energy spectra and energy- in agreement with the previous value of 22 (2) ns [20] . [20] . After proper normalization, the time spectra N(t, θ) were used to construct the appropriate experimental ratios R exp . They were least-squares fitted to the theoretical expressions R theo corresponding to the magnetic or quadrupole interaction (see below).
A. g factors
In the g-factor measurement the time spectra obtained for each of the two magnetic-field orientations were used to form the experimental modulation ratio
which was least-squares fitted to the expression For the 33/2 + isomer the time spectra for the 532 and 593 keV γ rays, registered with the large Ge detectors, were analyzed. The modulation ratio corresponding to the total accumulated statistics is illustrated in Fig. 3 . The deduced g factor is g(33/2 + ) = -0.171(9).
The diamagnetic and Knight shift corrections were not applied. They are both small (about 1%) and opposite in sign [26] , so they nearly cancel each other.
B. Quadrupole moments
In the case of an electric quadrupole interaction the superposition of many frequency components leads to modulation spectra which can have quite a complicated structure depending on the nuclear spin I, the symmetry of the interaction and the geometrical arrangement of the detectors. For an axially symmetric EFG the modulation spectra are periodic with the basic repetition quadrupole period T o given by T o = 2I(2I − 1)/3ν Q for a half-integer spin and by T o = 4I(2I − 1)/3ν Q for an integer spin, where ν Q = QV zz /h is the quadrupole coupling constant depending on the spectroscopic quadrupole moment Q and the EFG strength
The experimental ratio defined as
was least-squares fitted to the expression
with the angular distribution coefficient A 2 and the quadrupole interaction frequency ω o = 2π/T o as free parameters. The spin-dependent s 2n coefficients in the theoretical expression (4) are tabulated in ref. [27] for an axially symmetric randomly oriented EFG.
Examples of the obtained quadrupole interaction pattern for the 184 and 532 keV γ transitions are shown in Fig. 4 . Due to the high spin and short lifetime of the isomers, it was not possible to evidence the full quadrupole period T • and only the structure at the beginning of the modulation pattern could be observed. solid Hg host was also used, but at a higher temperature of 216 K.
IV. DISCUSSION
The g factors and spectroscopic quadrupole moments determined in the present work for the 21/2 − and 33/2 + isomers are compared in Table I with theoretical estimates. In the [17] . More insight into the structure of the investigated states has been obtained by comparing their electromagnetic moments with the theoretical predictions of two different models, namely the number-projected BCS (PBCS) and the pairing plus quadrupole tilted-axis cranking (PQTAC) models.
A. PBCS calculations
A microscopic description of odd-mass 193−205 Pb nuclei has been recently done within a standard BCS approximation in a number-projected one-and three-quasiparticle neutron space in which the projection was performed after the minimization of the ground state energy [8] . A surface delta interaction was used for the residual nucleon-nucleon interaction.
In this approach, a pure (1i 13 Table I and Fig. 6 ). The calculated quadrupole moments for the 21/2 − state show an irregular dependence on the neutron number (see the lower panel of 12 + ⊗ 3p 3/2 configuration assignment. The need to use an increased effective neutron charge in order to describe the quadrupole moments of the neutron states in light lead nuclei reflects the increased E2 polarization effect of valence neutrons when going further from the N=126 closed shell. We note that a similar increased E2 polarization charge was reported previously [16, 17] The enhancement of the core polarization for neutron states in light lead nuclei, revealed in the previous [16, 17] and present quadrupole moment studies, shows a saturation for neutron number N<118. A similar effect has been evidenced for proton states in translead (Z>82) neutron deficient nuclei [30] . It has been shown that the increase in the quadrupole moments of the 8 + proton isomers in Po nuclei with decreasing neutron number can be described by a particle-vibrational core model [33] . However, one has to note that in the case of proton states the quadrupole moments are negative and associated with weakly deformed oblate shapes, while the positive quadrupole moments of the neutron states indicate small prolate shapes.
B. PQTAC calculations
The tilted axis cranking model based on the pairing plus quadrupole interaction [13, 34] has been extensively used in the light lead nuclei to describe the observed magnetic rotational bands. In the present study we applied this model to calculate the static moments of neutron isomers. The calculations were essentially done within the pairing plus quadrupole model, as for the considered states the tilt angle is zero and there is no rotation. For the neutron pairing the experimental odd-even mass difference ∆ oe has been used for the 13/2 + states. In the case of the two-and three-quasineutron states the pairing was taken as 0.75∆ oe . In deriving the g factors an effective gyromagnetic ratio g respectively. In the insert are shown background corrected time spectra for delayed transitions.
The excitation energies in the decay scheme are relative to the energy of the 13/2 + long lived isomer. 
